Supplementary information

Schematic setup
The band bending of ZnO under the applied field
Under the applied field, the conduction band of ZnO will bend downward ( If the band bending makes the bottom of the conduction band (E c ) below the Fermi level (E F ), ZnO will exhibit metallic properties. This is because the E F of metal is above the E c (Fig. S2b) . since the test object is metal and the highest energy is the Fermi level that is in the conduction band 4 . However, in Tadatsugu's work, the material is ZnO and the highest energy level is in the forbidden band. Thus, we should reconfirm whether the φ of ZnO is the work function or EA, and then calculate its value. The choice depends on what characteristics of ZnO will be changed when applied a certain field. representing Carbon material, metal and semiconductor, respectively. For nanotube, the "charge disc" model is converted into a ring, the R in equation (5) is the difference between outside and inside radius of the nanotube: Individual Carbon Nanotube No.
ZnO-nanotapers having the same bottom diameter and different heights
Ind. Ind. As shown in Table S1 , the simulated results and the experimental data have obvious different, which is due to the much wide band gap (6.42 eV) and small or even negative electron affinity of AlN than general wide-band-gap semiconductors (such as However, the ratio between the experimental C  of the two shaped AlN nanocones is equal to the ratio between the two theoretical C  values: 1740/2140≈188/232≈0.81.
This demonstrates that the "disc model" reflects the effect of geometric morphology on the CFE performance of the emitters accurately. Besides, the AlN nanocones having the sharpness of 16° have higher C  than 7°, which is ascribe to not vertically aligned and much higher screen effect. In summary, the "charge disc" model can apply to the quasi-one-dimensional cold emitters made of various materials and with various morphologies.
